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The p-eseut iaveudon relates to. rasilaods, an4.v^JJ»^M8 for tdtrasound detection 
and .imaging la u^xavasctdar applications, 

5 

CatteMy, % deelsioa to reMsoalMlzs a; syBiptam^tiq ear4iae patient is based on 
fee severity of a coronary hmti&al obstruction caused by atherosclerotic plaque 
formation. However, the arterial wall may also eotitala atherosclerotic lesions, 
wMeh have apt resulted in arterial Inrnen narrowing, .Around 40% of acute 

10 cardiovascular events, including fetal or non-fatal myocardial fnfaretion or stroke, 
are thought to be caused by sadden, rapture events dm oecur In these plaques. 
Plaque vulnerability is known to be related to lis composition, stress distribution, 
and : :iaflamaiadoa, Increasingly, it In becoming n? cognized that two other factors 
are lahfced to plaque progression: a) the misnsvascular statas of the nifties {vasa 

15 ^qsorani); and b) the expression of specific molecules within the plaques. 

msomm m the .rmcmv^sseis that supply Mood to cells within the walls of 
larger blood vessels lhat lie beyond the diffusion limit tot nutrient and 'Waste 
exchange with the vessel lumen. While their precise role is not entirely 

■20 understood, evidence is mounting that the growth of neovasenlat im&a vm&rum 
through die process of angiogeuesis -is a .crucial step in the development of 
adierosclerode plaques. Tbls r^ah^on has led to an emerging Interest in the yam 
%>mormi as a merapeuiic target. Further, these new plaque-associated niierovessels 
appear to have a different density and spatial distribution tfeaa. in normal coronary 

25 arteries, which suggests the possibility that they may he an independent marker for 
plaque staging. Due to the small, vessel skes, slow Mood flow, and large tissue 
motion, this presents a very .«t^Ssa^ag-:profeto : fer imaging. Cntmnly there is 
no clinically available technique capable of imaging vasti vasorum in the coronary 
arteries. 

30 

Molecular Imaging is a rapidly;evoIyi^"^i : .©fM#d&^i imaging hau ls anticipated 
to have a substantial impact on the diagnosis and f#^mt of a mage of disease 
processes. The general Is,: to fa&o£»ee gajipes (e.g. bubbles or 



WO 20M/MSS?** 



droplets) into the body, which can tee detected wim a medical Imaging modality 
fe.g. magnetic resonance iniagHijgk ^^^^-mi^^^m^a^hy or ultrasound), 
and which have been treated, m suda a way as to adhere to spssdflc molecules that 
are only present in regions of diseased tissue or ceils. It is of primary Importance 
5 to the success of molecular imaging with a 0vm modality that the targeted agent 
he detected with soffideat sm^1i^: affei;:^ciSoi^ 

The majority of ultrasound systems operate at fiequsiicies m the 1 to 10 MHz 
range and. form images using a hand-held transducer that is externa! to the body. 
1 0 Such systems are capable of pmvidiug real-time in&mrallon abemt tissue structure, 
and blood flow iu the heart and larger vessels, Bnfnrhmateiy, niicrovessel 
detection and moping is not possible at these frequencies due to low signal 
stagttus from blood, tissue motida^-a^^^lBJllea spatial, resoloti on, 

15 Mierovesse): detection with uln-asound can be imposed by increasing the operating 
Srequeney, due in large part to increases m ultrasound scarring .from blood at 
Mgher feeqaencies r However, inemased signal attenuation at higher fi-gqueneies 
requires thai the transducer is located elo^e to the *epon of interes t i. e, closer than 
approximately d or .1.0 mm at 50 MBx. Experimental rmcrovesM flow itnaging 

20 systems operating in the 20 to 50 MHz range have hitherto therefore only 
exapuned superficial tissues such as the : eye, skin and superficial tumours* 
Regardless of fi-eqoenoy, tissue motion effects inhibit the detection of 
microvessels. 

25 Intravascular ultrasound (IVU'S) is an established tool for gaining insight into the 
size, structure, and composition of aa>erosclerotie plaques, Intravascular ultrasound 
flV'OS) is a method by which a catheier45ased high frequency (20 to 50 MHz) 
transducer is used to create Mgh^solution hnages of the lumen and vascular wall 
of larger vessels, it is an established i^m^t|o^1...Gardipiogy tool tor gahxmg 

30 insight into the srke s sSuctnro, and eompositlon of atherosclerotic plaques. 
Techniques have also, been developed to assess jftow within the lumen of larger 
vessels (>2 nun diameter) using KM. However, no existing XV'US system, or 
technique has been capable of imaging blood flow in the vasa vasorum. 

o 



Wmm the last two decades, gas bubbles of nneroraeter slae have to employed 
in J to. 10 MHz nltraw^ qetality of cardiovascular Images 

m& thereby ir&prcm; the quality oT nodical diagnosis, <3as bubbles am typically 
5 stabilized using emutoners, oils, ibiptaers or sugars, or by emraming or 
encapsulating the gas or a precursor thereof mto a variety of systems. Stabliiz-ed. 
gas bubbles are generally, referred to ^•'"g^^M-.'xm^vesicks** or nhcrobnhbies. 
Examples of miernhubhles include gns hubbies dispersed in an aqueous medium 
and stabilized at the gas/liquid interface by .a very thin, envelope hivoivbag a 
10 surfetaat an .amphipMlic material), These mfcrovesieles are prepared by 
oontacdng powdered amphophilic materials, e<g. feeze-dried preformed liposomes 
or &eeze-dried or spray-dried p&ospbolipid solutions, wiln air or other gas and then 
wiih: anaqoeous carrier, and agitating to generate a microbubfoie aisspension wMcti 
is then admmlsteted shortly alter its prepmtioa. 

15 

Qthex examples of gas-fflied mlcraveslcles Mrs suspensions :xb wMeh the gas 
bubbles are surrounded by a solid material envelope of nanrral or .syp&etic 
polymers, lipids, proteins or nurtures thereof These mier^veslcles ate in gdnerai 
referred to in. the art as "microcapsules" or "nucrobalioons'", while me torjh 
20 iS miotobi5hbles* s refers more commonly to siaiaatant-stabillzed microvasieles. For 
the sake of clarity, m the present description arid claims, the terms 5 1mbble*\ 
5 'nii6tdbnbble" s and gas-rlSed mierovsslele, where not expressly mentioned, are 
used interchangeably 

25 Examples of suitable aqueous suspensions of gas-filled, microvesloles and of the 
preparation thereof ait disclosed, fox Instance, to US 5,2 /1,928, US 5,445,8X3, US 
5,413,774, US 5,556,610, 5,597,549, US 5,827,504, US 5,711,933, US 6333,021, 
WO 9J/29783 and WO 2004/0 Q€9284 s aliincoipomfed herem by reference, 

30 These babbies, referred to as contrast agents, are small enough to pass safely 
throngh the capillaries, m& areintrodneed Into the body though ipjeedon, Dming 
the fetmadon of an ultrasound image, the: hobbles are stimulated to produce 
aoonstio emissions that are ilistaaefc ^m-ttese of tissue, ivMeh are then exploited 
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with specific imaging strategies to form images of the msematnre. Most current 
hnagieg strategies rely upon nonhnoat bubble behaviour, which occurs when 
bubbles are stimulated with sufficient amplitude with ninasound frequencies 
related to the bubble resonant fi^queney. The rasommt frequency is related to 
5 bubble size, and most contrast agents are comprised prmisrily of bubbles m the 1 
to W micron range in order to esMbh resonant behaviour in the conventional 
ultrasound frequency range. 

Most, implementations of nonlinear bubble, imaging exploit second harmoBie 

10 emissions (centred at or near twice the transmit irequeriey) emissions, though the 
efficacy of this approach, tor separafeg blood and tissue signals ean be confounded 
by die presence- of tissue propagation harmonics. A variety of other approaches 
have also been examined, ineludrng SBbharmoalc hnagkig, which in the case of 
contrast agettfs has been centred shout half the transtdit irequeney (&e order half 

15 snfoharmopxc) {i% Nonlinear energy may also he distributed in other frequency: 
regions, thtougb a variety of n^eeSatiispjs such as, for example, spectral 
bfoadedslgs transient responses and , bubble disruption:, initial it»p!cRt#tsii^tis of 
nonlinear bubble ireaghig relied upon separation of linear and nonlinear signals 
largely : through frequency domain filtering. Hubseqneafry- nmhipulse techniques 

2:0 were developed, such as phase and amplitude modulation sc^ernes. Bubbles may 
also be tlestroyed, which has babied the implementation of nihasoond destruciion- 
reperfusion techniques ^$^bg:ti^e:-.3^fosian. Detection of bubbles during 
destruction also can be used, W applieation of microbubbie contrast agents in 
combination with specific detection teebniqnes has enabled the detection of blood 

25 located in rmorovessels in many clinically relevant stoatioos. 

There is a growing interest in developing molecular imaging techniques in medical 
ultrasound through the use ofiar^eted niicmbnbhies f2% 

3 0 Little work has been done with rniornbuhMs contrast agents at transmit frequencies 
above IS Demos el at [33 shewed the detection of targeted gaseous 

liposomes wife. iVUS in animal models of tln-ordbas. Caehard et a! [4] visualised 
miorobubhies with iVUS in an in vitro detection for the purposes of enhancing 

4 
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^M«Oli of lumen boundaries, Moran a/ [51 connoted a study of the linear 
scattering, properties of foor agents,; in ih^ W MHz fequeney range with. IVUS. 
Deng eta! [6] periomrsd imaging of B5i»mfe#hles withm mierovessels situated in 
the , anterior segment of a rabbit eye, Reiimiisar? studies nave ilfetrated the ability 
5 of mierobubbies to ertbaaee the signal strength fiorrs Mood hi high frequency 
mlow Sow imaging [7], ;8| expedients. Alt of tins work has examined or 
assumed linear scattering from ohcrobuhhles at Mfh frequencies. 

Commercially available contrast agents are not designed for use at high 

10 frequencies. As bubbles m& reduced in ske, osculation danrpirrg hrcreases and it is 
generaljy accepted that nordmear osoiMations associated with resonant bubble 
behaviour ai« more difficult to luMate. It is theoretieMly predicted, that there win 
be m upper Mmh to resonant frequency as bubbles are decreased in mm [9j. 
However, it has recently been shown inat it is po^bte to initiate nonlinear 

15 scattering (subharmomcs, ultrafemaonl.es and second harmonics) ife a 
commercially available agent (DefMty^ at/ ^ 14 to 32 

MHz range [10], [11]. In vivo xm&w&tsd detectian ia aphaals has also been 
denibnatrated Using the subharmonie of a 20 MHz dansruli frequency using 
PeSniiy™ [12] . Second hannome imaging: mode did not sfeow Improvements in 

20 contrast agent detection due to the presence of high levels of tissue second 
hamipate signals. These results ihr ;nohlmear imaging at hi gh frequencies were 
achieved, with a type of transducer |sphepcai;y focused polymer film, transducer) 
that can only be used external to the body due to Its size (typically 6 to 12 mm in. 
diameter). Such transducers are well suited to nonlinear imaging since they aire 

25 broad bandwidth (> 100%) and can achieve high pressures through focusing. This 
technology is appropriate for use wp small animal imaging, dermatology and 
ophthalmology. 

■Nonlinear tissue imaging techniques ba^e also been developed. In this case 
30 nonlinear propagation of ulh^sound, (increasing wife transmit pressure) gives rise 
to harmonics (centred at positive Integer ranMpies of the transmit frequency). 
IVUS transducer ekments (not catheter based.) have been shown to be capable of 
producing second harrnonie images, with noMmear signals isolated with analog 
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filtering- aftd- signals being averaged ax a series of discrete transducer beam 
locations [13], [14], 

It is m. object of fee present hwm&on to facllixate detection of ssc vasorum and 
5 plaqtie-associated molecules using ohmsonnd techniques. It is a. farther object oi" 
the present invention to .facilitate the ase : of nonlinear contrast mlcmbubble 
imaging with IVUS. It is a feriher object of tie present invention to facilitate the 
use of nonlinear tissue hannonic Imaging with IVUS, It is a .fertile? object of the 
invention to improve the image quality of IV US using tissue harmonic imaging by 
1 0 using multiple pulse sequences. 

According to one aspect the present invention, provides a. method of intravascular 
upasorsid imaging, of a patient's body comprising the steps of: introducing a 
catheter-based ultrasound transduce?: into the body ^ a site of interest; Introducing 
15 contrast agent inih the vicinity of the transducer; traasmitting ultrasound excitation 
signals from the transducer that interact dyferently with tisane and the contrast 
agent; recei ving ultrasound echo signals in response to Ife* -gx.0itaS|ca?.,-.^|a® : ^. 'W& 
msm®tiw$m l«^e«9s?e«i;.«<^xo : - '^^ajs^- : r!§s^p*sfe^V«^^ arising fore the interaction with 
tissue and feona the interaction with contrast agetii 

20 

Bmbodlsjlents of the ptm^'mv®Q$®ci. now he described by way of example 
and with reference to the accompanying drawings ia which: 

Figure 1 is a schematic diagram of a catheter-based intravascular 
ultrasound system in sim in the body at a region of interest; 
2*5 Fkmre 2 is a schematic diagram of transmit and receive subsystems for use 

with the eatheter-hased mtrsvascular nbrasound transducer of figure 1; 

Figure 3 shows exemplary mtag es of selectively located contrast agent 
babbies produced using; (a) 20 MHss mnuaTneutal fieqneney imaging: Co) 40 : MHz 
harmonic imaging from- low amplitude excitation; and (c) 40 hf&z harmonic 
3 0 imnging from, high amplitude exeitatlon; 

Figure 4 shows exemplary hnages of selectively located contrast agent 
hubbies produced using; (a) 48 Mzloismffifei fe(pea«y :imagffig: and (b) 20 
MHz suhharniomt imaging; 

6 
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Figure. 5 shows exemplary anaps of free mM hound mymtst agent babbles 
produced using; (a) 20 MHz fundamental frequency imaging of free bubbles: (b) 
10 .MHz si&hmmmk imaging of fee bubbjesj md ipi 10 MHz spifeatmoiiie 
imaging of bound "bubbles; 
5 Figure 6 shows exemplary images of cxoss-seatiojis of a tissue mimicking 

phantom acquired with the fondamentai 20 MHz mode, the fundamental 40 MHz 
mods and fee 40 MHz harmonic mode: from a eame*sp~hased rotating single 
element transducer ; and 

Figure 2 shows exemplary Images of cross-sections of an aterosclerotic 
10 rabbit aorta acquired with the fendamental 20 MHz mode, the fundamental 40 
MBz mode and me 40 MHz hannonlc mode ftp a catheter-based single elemem 
transducer, 

Conventional fVUS operates with ultrasound in fee 20 to 50 MBz radge, which. 

15 exte&ds beyond the range of repotted nonlinear oscillations for contrast agents. 
According to oorrently published data, there is no indication that nonlinear 
scattering is possible M transmit frequencies above 32 MBz, The Isolation of 
bubbles below I micron m diameter produces itBpoYed second b&mmme and 
stmhamiotne generation for a transmit or excitation frequency of 30 MHz 115], 

20 The peak transmit pressure used to initiate suhharmonies in [15] was 3,2 MPa. 
While subhannome generation is nor well understood at these fequerxiev it is 
reasonable to expect that pressures requfeed to Initiate subharmomcs will increase 
with transmit frequency, 

25 Bjdstlng TVUS technology has significant constraints, intravascular ultrasound Is 
necessarily a catheter-based technique and as such very small aperture transducers 
are used. Current IVTJS systems employ either a:. mechanically rotated single 
element transducer, or an eieetrosicalfy steered array transducer. Mechanical 
rotation systems employ nn&eussed transducers of <1 mm radiating surtace, and 

30 images are formed feorn single pulses along; a series of beam directions. These 
transducers have limited baxdv^dtnn. Bue to fee transducer location at the tip of a 
catheter approximately 1,5 m long, there can. be electrical tuning effects which 
narrow fee effective bandwidth on transmit and reception still Jmlber. JVUS array 
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transducers are even more nsaro whand than single element traiisdmjers 5 and obtain 
lower pressures. These ^©iMsajats.- tefeaft of TVU8 to initiate sad detect 
nonlinear signals. The transmit pvlm ana receive pulse must both, be within the 
pass band of the transducer, mUsk. limits fee pressure that can be achieved on 
5 transmit limits fee signal bandwidth, and results in loss of received acoustic 

To date, bo targeted or uuiargeled nonlinear (or bubble specific) mierdbuhble 
imaging Ms been reported wife. JVUS systems. No reports nave been made for 

1 0 tissue harmonic imaging with a meahanic^diy rotating JVUS ca&etcr or an array 
catheter. Implementing ^^:,h^pr^4c)-^. c ^W?^ hnagfeg in WIM requires 
operation at a fi'equeney range where second harmofen contrast images have not 
been successfully demonstrated, as a means to improve contrast agent to tissue 
signals, The application of nmfepulse techniques such as pulse-inversion to Isolate 

IS nordmeax signals in the context of a rapidly rotating transducer has not been 
demonstrated and can be expected to suffer trom signals decollation effects 
between, pulses. For suhharrnonfc Imaging, acbievfeg transmit pmrn^res ffioteated 
in the above literature (e.g. [15]) at the »pp«* ■tmm?i£^:tmmw^ bandwidth 
may not be feasible, 

20 

■Hie inventors have established that a contrast agent comprising bubbles below 1 
micron in diameter can be used to effectively produce deteetible nonlinear 
emissions at least up to 40 MHz, and under conditions (e.g. sufficiently low 
pr©ss;nres) thai ate feasible to achieve with MOB techniques. 

25 

The inventors have also determined that nonMnear detection, at nigh frequencies, of 
mfcrobubbie contrast agents hound to a smfaee is also possible, despite the 
different physical coMM<ms:^^^^:.bF^>«ad : Md feee brmhles. 

30 The inventors have also determined that inmufeear detection of tissue harmonic 
signals can be isolated, and second bannonio images feereby formed, by means of 
multiple pulse methods, like pulse-inversion methods during the rotation of a 
mechanically steered WVB oafestex 

8 
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With reference to figure 1, In a gm&mi mrmm^^> iMi?ayasc»lsr ultrasound 
imagfrig m a .patient's body 16 proxies for detection of encapsulated gaseous 
acoustic contrast agent 1 1 with iaoravasemar. uitrasooad. It will be understood thai 
5 other types of contrast agent panicle ffif be nsed as the contrast agent ll> 
Specific aeowstie signals are induced and detected from the encapsulated gas 
bubbles 11 using an mtravasenl&f. ultrasound transfer 12. The induction and 
detection of nonlinear bubble oscillations is used to distinguish ultrasound echo 
signals arising from tissue (memdmg blood) from: echo signals arising irom 
10 contrast agent: particles. 

The ultrasound excitation, signal transmitter and echo signal receiver comprises a 
transducer 12 mounted on a catheter 13 or geldewire introduced through a vessel 
14 such as the coronary artery. in preferred arrangements, the iengfh of the 
15 catheter is in the .range bO to 200 cm (only partial length Is- sfeown ixtiUh figure) and 
the outer diarnetef is M the range 0,7 to 3 mm, 

In one arrangement, a 'bend 5 may he formed in the distal end region of the 
eaiheier, approximately IS to 30 mm from its tip, to provide lateral displacement of 
20: the transducer 12 to a position off the main axis of the catheter 13 and thereby 
eloser to ihe ^^lls of the vessel 14 The tmnsdneer 12 comrmmjeafes' with- -tr^smii 
and receive electronics via wiring 8 passmg. through the catheter 13. 

The transducer 12 may be nsed to excite and detect free contrast agent biat :1s 
25 located in the main vessel lumen (In wMch &e IVXJB Is shuaied}, in side- branches 
of the main lumen, in vasa vnsorum, and in other vessels or micro vessels within 
the surronuding tissue. 

The transducer 12 may be nsed to excite and: detest free contrast agent 11 that has 
3.0 selectively located to a region 13a of Specific ej^raeten eg. die vasa vm&rtm, 
The transducer 12 may he used to excite and defect targeted contrast agent 11 that 
has selectively located to target pkque^assoclaied molecules 15b (Including 
molecules expressed by ms&. -vsos^r^?} m ip;ms^^:v4PI^4 : P neevaseularisaiion. 
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The transducer 12 may be used to excite and detect targeted contest agent I I that 
has selectively located to target tmlmni&s ISh associated with other vascular 
diseases. 

5 The contrast agent II (whleh expression includes free bubbles) preferably 
comprises encapsulated bobbles- thai ate of a cpmposMom and a size distribution 
capable of oseillaling m a nomiaear sljanaer at iuirayaseulax nteasound transmit 
centre frequencies of at least 10 MHz, preferably la the range 10 to SO MHz, md 
more preferably in 'the rangs IS to 60 MHa, and more preferably with centre 

1 0 frequency above 1 5 MIM or above 38 MM£~ 

Preferably, the contrast agent bobbies % I have compliant shells encapsulating a 
gaseous medium. Preferably, the contrast agent bubbles 11 are gas-filkd 
mkroveslcks stabilised by a surfactant, and in particular a phospholipid, 

15: Preferably, the contrast agent Includes- & substantial proportion of bubbles having 
diameters less: than 1.5 microns, more preferably less than 1>Q nderous, and still 
more preferably of diameters ha the range of 0.2 to I. .5 microns. Preferably 
bubbles with diameters in the specified ranges (e.g. Q,% to 1.5 mlemns) :&ma, 
greater tpan %% of the volume: Iraorlbn, mote prefembiy greater than 2% of the 

W volume fhietioo, even more preferably greater than S% of the votoe dxaeiioa, and 
silt more preferably greater than 10% of me volume fraction. According to farther 
preferred embodiments, the bubbles form greater than 50% of the volume fraction, 
and m ore preferably greater than 70% of fee volume fraction.. 

25 These contrast agent bubbles 1 1 can be specifically manufactured to achieve such a. 
ske distribution. A suitable method for preparing babbles with die desired high 
volume fractions hi the specified ranges is disclosed hi. WO 2004/069284. 
Alternatively, existing oommemiauy available contrast agent designed for use at 
lower frequencies but having a significant Bumhw of smaller bubbles can have its 

30 population distribution modified to some extent by decautatlon or mechanical 
filtration [13], 
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The contrast agent bubbles 1 If are preferably unt^uced Into the blood stream 
eifeer through a systemic steady infusion or is the form of a botes. The steady 
suae mfnsion may be adamnsmed through a s$$$^v.M$mmtim:'$£ip> as can be 
done for ooavestaal frequency cemrast agent use. The contrast agent may be 
5 introduced In combination- -with localised drug dem^y. For the avoidance of 
doubt, the expression "Imrodnefog contrast agent into die vicinity of the 
transducer" is intended to encompass both fi) 'local 5 iatrodnetion of das contrast 
agent at or very dose to the transducer location, and (ii) 'remote' introduction of 
the contrast agent elsewhere in fee body, relying on transport of the agent to the 
! 0 vicinity erf the transducer using Inherent action of the body, such as blood flow. 

More partkularly, as shown in figure. 1, the IVtJS catheter 13 carrying the 
transducer .12 at an imaging tip 16 may be Mirodntoed Into the vessel of interest 14 
within a sheath or delivery catheter 17, When located at the region or site of 

I S interest, the imaging tip 16 extends past die end Ha of the sheath 17 by a distance 
d which Is preferably variable or pre^eieoiable. In preferred arraagernentS;, the 
distance il ls in the range 1:0 to 300 tpm. Onrrtr^st agent J 1 may be injected locally 
fhongh die sheath l? s which deSnes a delivery conduit .1.7b, to an exit orifice 1.7c at 
or proxntral to die end 17a. lips Mhates the delivery of a high local 

20 ooncentradon of contrast agent i I at the site ©f kttensst 

Near the imaging tip 16 there may he an outward taper (not show) of the entire 
catheter 13 or of its hmef dlarneter ho-: reduce the space between the outer diameter 
of the catheter 13 and. the inner diameter of the delivery catheter or sheath 17 to 
25 avoid pmrinjeetlon leakage. Pmferahly, the exit orifice 17c will be formed as 
openings In the periphery of the delivery catheter 17 so as to permit the exit of 
contrast agent in a manner thai encourages an even agent distribution towards the 
vessel wall 14, The exit orifice 17e openings: may preferably be provided within 
abo ut 10 cm of the end of the sheath I7 < 

30 

A suitable remotely eontmHable closure mechanistn (not shown) may be provided 
to open and close the exit orifee 17e T evg, psing a control wire so that the timing of 
contrast agent delivery can be careftrlly controlled, 
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Although in the illustrated embodiment, the IVUS catheter 13 am! its transducer 12 
Is Integrated with, the delivery eondnh 17b Wmmrpm^bn^mn the delivery 
Bbo&ih it will be understood that the soles May fee reversed with the delivery 
5 ooadait 1 7b being formed within the IVUS catheter, Ib a ihrtter arrangement, the 
IVUS catheter 13 arid delivery sheath 17 mav be integrated by coupling there 
together side-by-slde. 

The catheter-based transducer .12 may of airy suitable type, e.g. comprising one or 
10 more layers of active or passive components and acoustic matching and backing 
layers. The frequency response of the transducer may have a single frequency 
region of efficiency or a combination or multjpk- peaks of efficiency. In one 
configmatiom the transducer may have elevated efficiency around the transmitted 
frequency and at an integer numl>^:ta^ #s-t^^ittexi frequency and in another 
13 configuration at the transmitted frequency ami M Mf of this frequency. In one 
configuration, the transducer 12 may comprise an array of transdocer elements 
which arc enable of producing an elecmmicatly steerable ultrasound excitation 
beam, M ^ahotfefcr emMptfS&Qmf ®m transducer 12 may comprise a meebasncally 
mamptdahle single or multiple element irarmlncer so that the dlreetioin of 
20 excitation beam can he steered or scaimed during a sequence of exeitati on pulses. 

The transducer 12 is adapted to be capable of generating acouaiie excitation pulses 
of sufficient pressure and other cbaracteristiee (e.g. length, frequency content) to 
initiate Bonlinear scattering or response from the contrast agent. 

25 

With reference to figure 2, a transmit subsystem 21 is provided to generate 
sequences of excitation pulses 2la of sufficient amplitude characteristics (eg, 
length, frequency content) to the transducer 1.2 in order to initiate the nonlinear 
scattering iu the contrast agent Bart of the transmit subsystem may reside within 
30 the catheter 13. 



Preferably, the excitation pulses are generated at freo^rencies greater than 1 0 MH% 
more preferably at frequencies greater than 15 MHz. Preferably, the excitation 
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pulses have cento ffequ^eies In the range 1:6 So 80 Mfe and uxm preferably in 
the range 15 to €0 MHz, W diner emteosimen% the excitation pulse cento 
frequency is In the range 15 to 50 MIfe : and. mora preferably 15 MHz or higher, or 
above 30: MHz, 

■5 

Poise sequences may be phase- and/or amplitude -modulated or frequency-band, 
limited in order to sufficiently permit the isolation of bobble-speeifie scattering 
alter reception of echo signals arising from ipfeaction of the excitation signals 
with the tissue and. wife, the contrast agent In general, any excitation poise 
1 0 characteristic may be used to enable cr ersfeance the ability to discriminate between 
echo signals respectively arising if om interactlen of ultrasound excitation signals 
with tissue and interaction with contrast agent. 

The sequence of excitation pulses may ccrnprlse pulses that are MenticaL that vary 
15 m amplitude, tbBt vary in phase or ^ In length. Pulses may be derived from 
ecmhinatlcns of previorxsly transmitted poises, e.g. brverted copies and the Hfce> 

Excitation pulsesaBay be adapted to be used, to destroy cpntost agent, and tb detect 
agent during the destruction thereof or to use imaging pulses whMt fellow 
2© destruction pulses. Fart of the transmit subsystem 2 1 may reside within the 
catheter 13, 

Sstection of nordinear bubble feesnvidnr may fee achieved by way of detection of 
echo pulses of sufficient bandwidth, in the form of single or multiple .frequency 
25 peaks, or through energy loss in: the receive bandwidth or through the detection of 
transierrt bubble responses. 

With fbrtber reference to figure ^ a receive subsystem. 22 conditions received echo 
signals 22a from the transducer (e.g, by amplication and Altering), digitizes the 
30 conditioned signal in a manner compatible with separating the tissue and blood, 
signals (e.g, with suiKeient ph^:-mym^% Bart of the receive subsystem 2.2 
rn&y reside within, the catheter 13 wMeb: may have benefit with respect to 
overcoming electrical tuning etoets and fcrproving signal to noise ratio. Part of 
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the system may be provided fey a personal computer. Inferably, the receive 
subsystem is adapted to recede e^o Sigssk at least a part of the range 8 to SO 
MHz. 

5 A signal processor 30 and m Image processing subsystem 31 may be used" to apply 
appropriate algorithms to ■extract bubble specific signals sad thereby form, images 
that have improved sensitivity md specificity to •&© contrast agent. It Is to be 
understood that fee bubbles located m ima vmorum or targeted babbles located 
aaywher e may have specific acoustic signatures fnt may be exploited in 
1.0 transmission of axeuanon sigOais s in reception of echo signals and- in signal 
processing. 

In one preferred embodiment, the echo signal analysts and imaging is performed 
on echo dgnals In a frequency hand tlsat is ^different to but potentially overlapping 

15 or non-overlapping whh that of the transmit fireqnency band- in arte arratigetsient, 
- the echo signal analysis and imaging Is performed on echo signals in a frequency 
band: comprising the second harmonic of a transmit -frequency. In another 
arrangement, the echo signal analysis and imaging Is performed: in. a frequency 
band: comprising a emb^t^osi©- Qf&-tmm^:^umep 'in amnlaer arrangement, 

20 both harmonics and snbhatmomes arc used in the echo signal analysis and 
Imaging. 

In preferred embodiments, sulmamaonlc imaging from excitation signals having 
centre frequencies In the range 20 to 60 MHz is preferred, requiring for example 
25 acoustic pressures of at feast 50 kPa. 

In order to initiate and detect nonlmear ultrasound signals using au intravascular 
transducer system as shown in figure i ; it is necessary to achieve sufficient 
acoustic pressure in the excitation signals and provide sufficient bandwidth and/or 
30 sensitivity when receiving the echo signals. 



Preferably, very thin tpnsdueer layers ate deployed to resonate at bigfe frequencies, 
and sraafi.-a|?esteeviTOei?sipiis of less than I mm to St in suitable catheters 13. 
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mmm^c oscillations in contrast '&ge»t. -imr he Seiwivd by signal changes 
primarily within the transmit :&espeaey bandwidth. One approach, for doing diss is 
to employ power' modulation agjpxjadxes. In power madataiicm* the transmit 
amplitude of successive excitation poises is varied, to result in differences to 
nonlinear signal generation (and ikerelsy a corresponding reduction m the echo 
signals present la the transmit bajmwldthh £>n receiving echo signals, pulse 
groups are combined m such a way as to extract the nonlinear signal strength by 
analyzing differences p the umisralt bandwidth. Other approaches are also 
possible, for example exploiting the transient response of contrast agent 

Dlfierentladon between contrast agent bubbles within the main vessel lumen 14 
(e;g> the coronary vessel) and bubbles miUn vam w^rum I Sa situated In issue 
:kfia^dlp*^^«e«r« to the lumen 14 rosy be effected, by using correlation-based 
techniques to difSersntiate between slo^y moving bubMes 1 1 in the vasa vmotpm 
,15a and. mors rapidly moving bobbies in the lumen 14, IMs may be done: within. : a 
■gym:im$$&%^.-Mw between two; or more consecutive imsge femes (frame 
rate h typically 20 to 30 frames per second). 

If a local upstremn botttsMeptiip is used to introduce the contrast agent, this wil l 
result in a rapid passage of agent within the main lumen 14, followed by a time- 
delayed arrival of agent to the iw vmpnm. Analyzing t'be evolution of the 
signals in a region of Interest (ECS) as a function of time alter a bolus may 
therefore assist in dlscrimiuating between contrast agent in the main, lumen and 
agent: in. the vma vctsorum. Such approaches may use frame4o-dfame image 
tracking due to tissue' motion.. 

Destruction^epcrfeion teehniqnes may also he. used, In such techniques,: a series 
of narrow bandwidth pulses fjrefeably at as low a ffequeney as achievable) Is 
more appropriate to achieve dssimetion of the contrast agent bubbles, Imaging 
pulses may then follow. Two ^^^t'^aps^upers may be used within tie catheter 
located at or near the imaging §p Mr a first transducer for destructive excitation 
pulses (e.g. with a frequency in me nrnge 1 to 15 M& and preferably in the region 
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of S MHz) and s second transducer for imaging, bf fe& *yP® described above. 
Imaging may fee performed during destruction, or during xeperfhsion. 

Either transducer may be used to facirham the targetmg of contrast agent by means 
5 of radiation pressure. In a preferred emfeodtoeM acousiie pulses will be sent oat 
such: a way as to enhancement binding following the infection of agent This will 
b*ea be followed by poise sequences that are appropriate for imaging the bound 



agent. 



10 Targeted, and luitargeted contrast agest -bubbles- may be differentiated using a. 
number' of techniques. Corrdatioi^hased' -t^?Mq«es may be used to differentiate 
between bound and tree bubbles. These techniques may bs performed within a 
given Imps and/or between two or more consecutive frames (frame rate is 
typicall y 20 to 30 frames per second). Snob approaeb.es may nse fene-tp-ffpje 

15 image tracking. Destruction techniques may be used, as previously described 
above, hnagmg may be .performed daring destruction, or dpri&g rs-aceumuiattpn 
at target sites. Differences between the acoustic response of bound and free 
bubbles located within &e l umen may also he: used. 



2D With huther reference to figure 2> an exemplary demonstration of the ultrasound 
imaging is now described. In th«:*caBSS3i|.«ab§ystoH. 21, a waveform generator: 23 
provides a suitable pulse ws^efonn, to a power amplifier 24, to generate exottation 
signals frora the transducer 16. Protection circuitry 25 m tire form of an expander / 
Kruiter may be provided at the output of the power amplifier 24. A transrait-side 

25 fiber 26 may be provided to pre-condition waveforms generated by the waveform 
generator 23. It will be understood that any or all of the elements 23 - 26 of the 
transmit subsystem 21. could bs combined and/or -incorporated into a single 
electronic circuit 

30 In the receive subsystem 2% m amplifier 27 receives echo signals 22a from the 
transducer 12, and passes these to a digitizer 29 for analDgpe^digital conversion. 
The digitised signals are passed to a signal, processor 30 (which may be 
Incorporated, within a personal eornpnter. The signal processor 30 may Include, or 

16 



WO 



be coupled to m appropriate image processing device SI, which also may be 
incorporated within a personal conmutsr. An analogue filter 28 may be 
ineonmrated in the receive path, e.g. before and/or after ampHlicaiioft of the 
received echo signals. It will be imdersfeod thM any or all ottfee :elements 2? - 30 
5 of the receive sob-system 22 could fee ecn^brned andVor incorporated into a single 
electronic circuit 

In a practical implementation, a flow phwtnm was constructed by creating a I mm 
Bow channel through tissue mimicking phantom, and contrast agent was passed 

10 through this 'vessel 5 during the expermwsnts. The contrast agent employed, was an 
experimental phosphoimid-stabilM ««pia> prepared according to example 
li of WO 2004/069284. Mages were constructed by poise-dmersion ieehnlques 
Mm a series of pulse ensembles (10 or 25% bandwidth) acquired during 
continuous translation. Use pulse^rr^etdo^ cancellation of linear 

15 slsneus fey: exploiting differences in consecotive phase-inversed px&ps doe to 
nonlinear propagation or bubble responses. |f fee is substantial motion between 
the tissue 8^:,ti^4«^'1^^^. : -fat^-i^ v^&wM i»-«a€5lS^i«^ : cancellation 
of dte &ndanientai frequency, 

20 Ina first experiment, a needle^ounted WtJS transducer was employed (having a 
bandwidth of 15 to 45 MHz) to image ifee bubbles flowing freely through the 
vessel, l&e- wsssr jm •^••psa^d in. Ip' M^^dammtal mode (F20), wMefa is 
linear imaging. The vessel was thee imaged using the second harmonic of a 20 
MHz transmit pulse (H40), and finally using the subharmomc of a 40 M& 

25 transmit pulse, centred closer to 20 MHz (S20), 

In a second ex.^nm.€ait».1fee -:j>efts»tia! to. iiaage 'bowsJ ,p$^fenbMes in a nonlinear 
•manner at high: frequencies was demonstrated. Tins was done by passing contrast 
agent through a phantom vessel composed of a material that bound to the agent in a 
30 .non-specific manner. After toshing the pbasiom with: distilled water, the .timer 
nari of the phantom was coated in a layer of bonad bubbles. Imaging in this 
experiment was done with a snteieafby focused polymer transducer of centre 
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fequersey 19 MHz, using a trasnmh femienoy ®$2G MHz. Imaging was done in 
both F20 .mode and using the si^as^omc (SH10| aaissioi^s. 

lie results are s&M in figures 3 to 5. 

5 

As shown m figure % F20 anaging shows little commst between 'tissue and agent 
flowing in the vessel (figure 3a), At low tos®it.aiai»fit^ <S^re 3b), H40 was 
found to produce impx^m^m in contract io tism $m®i -^ios (CTR). At higher 
transmit amplitudes (figure 3b)> the GTK degrades due to increases in nonlinear 
10 propagation giving rise to a stronger tissue harmonic signal. This indicates tfent 
lower pressure ranges will be appropriate for contrast agent imaging, and higher 
pressure amplitudes are appropriate for tissue harmonic imaging. 

As shown in figure 4, the Maptsl image, P40 (figure: 4 a) aftfecs 

IS poor visualisation of tht vessel. In tm$& results Indicate tissue suppression 
approaching the noise floor, with up to !| &8 of contrast to noise ratio at higher 
n^nsmit amplitMeSi These results |ie« the feasibility of nbuHnear contrast 
imaging with MS. The feasim% to suppress tissue signals is critical m teliafely 
detecting vasa vasorum with fVOS. 

20 

Referring to figure 5, figure 5a shows F20 imaging of free flowing bubbles, figure 
3b shows, SHJO imaging of free Sowing bubbles, and figure 3c shows SH1.0 
imaging of bound bubbles. These results demonstrate that nonlinear targeted 
contest imaging is vi&Me u&high fipquendes fmm the perspective of bound-agent 
35 detection using eatheter-based transducers. 

The imaging tednuqnes using a.eaftetsr-b&sed ultrasound probe may be used to 
assist in localised drug deiwery by providing real-time image guidance to the drug 
delivery mechanism. 

30 

The drug delivery ra#aEffi^ ki«prMA the contest agent. Drags 
or genetic material may be ineorporated mto, iooated vMrn^ or in some manner 
attached to or hnheddnd in f he contest agent. The eatbeter-based IVUS transducer 
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can be ossd to assess m impropriate location for drag or genetic materia! delwssy 
and to meditate its delivery, The delivery may be i&aUfe*t*& by tfee acoustic 
stimulation of either the Imaging transducer or fee second lower fe<i«ency 
mm$mm, .if present. The aemMie #m^aH0s may eSect the disruption of 

5 contrast agent which contains drug or genetic material or contrast agent thai is in 
the presence of drag or genetic material, This may involve the ^imuiation of 
oscillations of contrast agent which, contains drug or genetic material, or contrast 
agent that is in the presence of drug or genetic material, in a manner that facilitates 
the delivery of hie drag or genetic material to the tissue or cells of interest. In. a 

10 greJisrred embodiment a two transducer approach lis: employed such, that the lower 
frequency (i to 15 MHz transducer) "^ used to fecihtate the delivery of drug or 
genetic materiel, and die second transducer, the li^^g^trajisdttcer., being: used to 
guide or monitor the: treatment procedure. 

1 5 With further reference to. figure I , the contrast agent deBvery system wing conduit 
|?b formed by sheath, 17 may also be configured with means dor applying a saline 
(or heparinized saline) #aSh/tev»^ contrast injections. The delivery system 
conduit may also be provided with a paeans (not skswit) for displacing, a smaller 
volume of agent to the catheter tip, $^?$a*iy- iffcvoliime of the catheter sheath 

20 17 rnsy exceed the desired injection volume. 

In a simple case, e^isiiBg.s^^: «daptom may be used to manually iunodnce the 
agent and saline flushes. Ant e^mpiary aMomated impleanenuuion consists of a 
rwo-piuBger syringe pomp (®W a saline syringe and the second for the agent);, 
25 The: agent injection volume and injection, rate can be specified and the agent can 
then automatically be pushed slowly (to avoid presswization of agent that would 
cause its disruption) towards the catheter tip, This can then he followed hy the 
bolus injection phase (the timing of wlsioh may be eieemmically synchronised with 
the IVtIS imaging and acquisition system, 

30 

A summary of the presently pgferj^-dpejrfsg.fmj^eters for both transmission 
Of excitation signals and reception / processing of echo signals is now provided for 
the various catheter-based gSJr^Qido.^a^^^p^-^^^ described, 
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For second harmonic tissue m& <mmm agent imaging techniques deploying a 
single dement transducer, pulse centre b^qnsncies fe::*he range of 15 to 30 MHz, 
with tola! pulse frequency content between S and M MHz is preferred. Peak 
positive acoustic pressures within the Beam (as measured m a water tank) lie 
between 3 k'Pa and I MPa for contrast imaging mode. Peak positive acoustic 
pressures- within the beam (as meaanred in a water tank) lie between. 100 kFa and 
10 MPs. when operating in : tiss^ls^OBic:im^ng 

Pot subharmonits imaging techniques wing a. single element transducer, pulse 
centre frequencies m the range of 30 to 60 Mlfe, with total pulse frequency content 
between 10 and 80 MH* is preferred. Peak positive acoustic pressures within tb.s 
heap (as measured in a water tank) lie between 20 ik?a and 8 MPa when operating 
mponteasf: imaging mode. 

lit a power modulation mode, puis® centre l^qpeneies in the ranp ■■■of 20 to 50 
witli total, pulse frequency eontept between 10 and B0 MH& is peferred. 
Peak positive aeoostfc pressings within the bears measttfed in a water tank) lie 
between 5 EPa and % .^a,whmpp^i^g-:iB epntra# irnagingmode. 

In other nonlinear oscillation modes (e,g. using time dependant signals such, as 
transients or using ptdse-length dependant effects), pulse centre .frequencies in the 
range ox 20 to 50 MH& } with total pulseixeguency content between. 10 and SO MHz 
is preferred. Peak positive acoustic pressures within the beam (as measured in a 
water tank) He between 5 kPa and 8 MPa. 

In a destruction pulse mode using a single element transducer, transmit centre 
frequencies hi the range of 10 to 40 Mbfe, with pulse bandwidths between 0,1 % 
and SO %~6 dB relative bandwidfes are preferred. Peak positive acoustic pressures 
within the beam (as measured in a water tanlc);:lie between 100 kPa and 15 MPa. 

In a destruction pulse mode using a .separate low frequency element to destroy 
contrast agent, pulse centre frequencies in the range of 1 to 1.5 MHz, with pulse 
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bandwidth* lying between 0.1 % and SO .%-6 dB relative handwidths are preferred. 
Feak posidve acoustic prWtife fhe feeam (as measured la a water tank) lie 
between ! 00 &Pa and. 15 MPa. 

5 For a. non--destrnetive dnai element imaging mo& using a separate low frequency 
element to initiate oscUla^oH% pulse c«?Mr? frecnieueies Irs. the range of I to 15 
MHz, with, pulse bandwidths between 0,1 % m§ 50 % ~6- dB relative bandwidths 
are preferred. Peak positive aeoustic pressures wifefo the beam (as measured m a 
water tank) be between 1 00 kPa and 5 hffia. 

10' 

For a imn-destructive dual element imaging mode using both, low and. high 
S-eqneaey elements to initiate contftst agent oscillations, noise centre frequencies 
fm the low frequency element m range of 1 to 15 MHz and pulse omits* 
frequencies for high frequency element in range ox 15 to SO MHz, with pulse 
15 bandwidth^ between 0.1 % and 20 % --6 dB relative txmd widths are preferred. 
Peak positive acoustic pressures within the beam (as measured m a wafer ladle.) lie 
between 1.00 and 5 MPa* 

Per basic epntrastageat deteMlom wrdl a single element transducer system, agent 
20 detection is aehieved by means of the nonlinear behaviour of bubbles. The 
nonlinear signals are isol^^:x#^ 0f in^rti3g«nd. auafysis of poise sequences, 
IndhdM traa^ dBp^^^ic& ^.&ii wi thin the range of those 

described, above. The expression 'poke sequence' refers to a sequence of 
:p0fen!iaiiy different pulses that are transmitted and received as the transdneer is 
25 rotating, 

In the simplest ease, all tosnsmit&sd pulses are identical and sent at equal intervals 
in the range of 1 ms to 0.001 ms, Kosl:hrear echo signals at subbannoni.c or second 
hannomc frequencies are isolated %y a nomination of analog and digital filtering 
30 of fee individual received echo signals. A single WL1S Image is formed by taking 
the envelope of individual ilF Ifees displayed in a linear, logarithmic or other 
compression scheme. In general, the signals ftorn a. group of adjacent pulses (more 
thaa two) are combined to form ssx image line, and in doing so benefit from signal 
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averaging effects. The combination aaay take the fpm of direct averaging of fee 
time domain., or power averaging or another aehenm 

Transmitted pulses ma)? also he ptee-im'opsd (be. have 1 SO degree phase 
S differences) m tb respect to each other. A group of these pulses (two or more) may 
be combined to form m image line as a strategy for rem&Mng Imear tissue signals. 
The operation to combine thfe : pito-.may ta^e d»ent farms, only one of which Is 
to sum with equal weighting all the pulses, 

10 Transmitted pulses may also be phase shifted: with respect to each other by an 
amount other than 180 degrees (e.g. 90 degrees), A group of these pulses (two or 
more) may be combined to form, as image line as a strategy for removing linear 
ti$s»© signals. The operation to combine the pulses may false different ibnns, only 
one of which is to .mm with equal weighdng all the pulses, 

1:5 

Piuses may fee transmitted with different amplitudes, inferred to as power 
modulation. This will vary ibe amount ofnostear hobble behaviour, A group of 
these pulses (two or more) may be combined to form m Image line as a strategy 
for removing hneairtssne signals. The operation to combine the pulses may take 
20 different forms, for example., if two pulses ate t*sajsmittea, theiltst with half the 
amplitude of the second, then the received pulse pair is added by multiplying the 
ifrstphise by two before subtract 

Transmitted combinations of phase and amplitude modulation may be used to 
25 isolate nonlinear signals, 

Traasrnit pulse lengths may he varied, The received signals may then be processed 
to extract nonlinear transients or other pulse length dependant signals arising from, 
bubble oscillations. 

30 

Transmit frequency may be varied within a pulse. The received, signals may then 
be processed to extract sigjs^.a*^g &ism:^feble^sepiti^ns. 
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Formation of images from the imaging tedw received signals when the 
'transmit pulses ate seat out by either. £be :Zm$gm$ .wm&w&r or a. separate low 
frequency 'txan^tsoer to deshoy agent may be effected in several ways, both for 
when destructive pulses are transmitted by the imaging transducer* or by a separate 
5 low frequency transducer. 

For pulse sequences that consist of one or more destructive pulses Ml.ow.mg by 
imaging pulses of the types descxW above, one or more entire rotations of the 
1YOS element can. be : cooduc^:4«fiy«i' ^fcfc'tattie high amplitude pulses are sent 
10 with the intention of destroying free or targeted agent with either transducer. 
Following the destructive frames, imaging is then performed using- one of the 
vinedidds described above. This can he used as a. means of implemeutiug 
aesiruetion-repetxasion. imaging or to assess re~accumnlation of targeted agent, 

1$ If the above are conducted Mlcv&ig. the injeetlon of a bolus, the changes of 
signals as a fonctiou of time in regions of mtoresi may be used to differentiate 
agent located m vasa vasatm W targeted agent from free agent wMik the main 
lumen. 

•20 With -targeted agent a difrereut pressure, bandwidth and frequency range may be 
employed as a means of distingolshius targeted agent from bound agent. 

Pulse sequences raay consist of nou-destructive (or predominantly non-destructive) 
pulses seat on the low frequency transducer and nonlinear signals detected by the 
25 Imaging transducer. These signals may include supedranncni.es, nltraharmoni.es or 
transients. 

False sequences may consist of the •-s|j^^i^^i^----tramjftsMi$g of different poises 
on both the imagfeg transducer and me iom.^jU^y ; fesasducer. 

30 

The same apparatus as described herein Is eapaMe of Of erating in tissue (mciuding 
blood) imaging mode. By being able to operate in either mode it is possible to 
superimpose contest specific: signals onto &sps;^<?»tSi|.ijaJag©s. Tissue signals 

03 



WO 20M/MSS76 



may be isolated .from the kmwwg xi^lvieai sj-gaal's (wMeli may also -contain 
coxmmi-s^&im signals) trough processing. -MmMm$, tissue signals may be 
extracted from modifications of the pulse seqnences (he, both transmit poise 
characteristics and aorphtMesT mat woiM allow for tissue imaging pulses to be 
5 interleaved with contrast imagmg pulses. Tissue imaging cars be performed in 
linear or nonlinear imaging modes. Multiple pulse feermiques such as pufse- 
Inverslon imaging or anmliiude modmaiion can also be applied to .nonlinear -tissue 
imaging {'both ia me presence of contrast agent or not). For tissue imaging the 
multiple pulse techniques will be optimised so that fee level of harmonies 
10 generated, ate maximized, or are nraxhmized after a certain dlstanee, or to maximise 
the contrast in between tissue components. 

This niay also be accomplished by alternating frames to be dedicated to either 
contrast or tissue signals. It is recognized that higher amplitude fransmif eondtdons 
IS will favour tissue second harmonic imaging, and l^^'tra^Smlt -«aJba|^5#<5S.'^III 
favour contrast second harmonic imaging. Tissue superhamxnfre imaging may also 
he performed, 

In a practical implementation, tissue harmoruc Imaging was illustrated on: a 
20 eonfrmususly rotating single element transducer m a tissue mmiiekiug phantom and 
in an atherosclerotic rabbit aorta, Gaussian enveloped pulses at centre frequencies 
of ahaer 20 MHz or 40 MHx were generated. The fractional bandwidth, of the: 
pulses was 25 %. In the phantom and in vivo experiments we acquired results of 
the fundameoM 20 MB& mode Q?30}s tfte nmdamsniai 40 MHz mode (F40) and 
25 the harmonic 40 MHz mode (H40) 5 he, the : second harmonic of 20 MHz. In these 
experiments averaging of neighbouring lines to increase the siguabto-.noise ratio 
(SINE) was used. Harmonic images (H40 mode) were ma.de by means ox pulse 
inversion. This multiple pulse technique basnet been used whh rotating single- 
element IVUS catljeters before and is connterhmiitive because of loss of 
30 correlation due to lateral motion. 



With reference to figure 6, tissue hatmome imaging nsmg pulse inversion has 
s&twn to he feasible in k tissue ^sMeldng phmt&m ^d;td.:imp»ve--xinage quality, 
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With reference to figure 7, tissue fearmoslc imaging using pulse inversion has 
shown to be feasible in vivo and to j^^a^-.m^^'-qpa^. 

5 Other embodiments are mtenlionmiy wifinn the sooprof the accompanying claims, 
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CLAMS 

1. A method of intravascular nitraswnd imag&g. of a paficofs body 
comprising the steps of 
5 iairod.aci.ag a eafeeter4>ased is]tmso;ui)d1x^sd«ce:r hmxtfee body at a site of 

interest; 

introducing cootrast agent into the vicinity of the transducer; 

transmitting yfoasound excitation signals ftro. the -.tcsnsdacet that interact 
differently wife, tissue and the contrast agent; 
1 0 receiving niteasowid echo signals is response to fee excitation signals; and 

discriminating between eebo signals .respectively arising from the 
iateractian with tissue and from the intexaefen wife: contest agent. 

X The method of claim 1 m v^nh fee contrast agent is adapted/to selectively 
I S locate at sites*, or in regions, of specific character* 

3, The method, of claim 1 or claim 2 in which Use sife of Intere^ is an artery, 

4, The method of claim 3 m which the site of interest is a coronary artery> a 
M carotid artery or m aorta . 

5, Th% method of claim 1 m winch 'fee contrast agent is located in die 
micro-vessels j^&y^QHtm* 

25 6. The rneihod of claim 2 M whldh /fee contrast agent is adapted to selectively 
locate to die tnierovessels vmammmm, 

7, lire method, of claim 2 in which the contrast agent is adapted to selectively 
•adhere to molecules specifically associated with, or fee expression of which is 
30 uptegoiated in s diseased: tissue or cells within the body. 
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S. The method of Mate 2 in whiehthe contrast agent is adapted to selectively 
adhere to a&K^soler©tks idaqueHassooisted raoIeeBlss ar to sMec^ely adders to 
markers related to neovKseolarisatsoo.. 

9, The method of claim 1 in which the contrast agent is mtroduce-d to the 
vicinity of the transducer via a delivery conduit integrated with, the catheter- 
meuntsd transducer. 

10, The method of claim I in which the contrast agent includes particles, at 
least a X% volume fraction of wMdi have diameters less than. 1 .5 -nhc-mRS. 

11, The method of claim 10 m v^hich the cojm-ast agent Includes .particles, at 
least a 1 % -volume Amotion, of which .have a size distribution in the range 0,2 to "t-S 
microns, 

12, The method of claim 1 m wlmli the excitation signals are transmittsd in a 
first Itequeaey bsrort and in which echo signals are received in at least a second 
ffso-aency baud diflercjst #om the first frequency band. 

13:, The method of claim 1 or claim 12 in which excitation signals m 
transmitted in the range 1 0 to 80 MBz. 

1.4, The method of claim 1 or claim. 12 in which excitation signals are 
transmitted with a centre frequency shove IS MBz< 

15, The method of claim 12 in \«file& discrimination between tissue and 
contrast agent echo signals is effected by detecting a non--imear response of the 
contrast agent, 

M, The method of claim 12 in which echo signal analysis and Imaging is 
performed on echo signals in a frennency band composing one or more harmonics 
of the excitation n-equsnd.es. 
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17. The. method of claim 13 fe \^©h: echo signal analysts aad imaging is 
performed on echo signals i» a. fyeq&ws? 'bm& eompm&g ooe or mors 
suhBarmonies of the exciistios ixequsacisa. 
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| A. meaningful search Is not possible on the basis of all claims because 
| all claims are directed to - Method for treatment of the human or animal 
I body by surgery - Rule 39,111V} PCT 



The applicant's attention is drawn to the fact that claims relating to 
inventions In respect of which no initerriatrQna] search report has been 
established need not be the subject of an international preliminary 
examination {.Rule 86.1(e) PCT). The applicant is advised that the £P0 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a prelim! nary examination on matter which has 
not been searched. This Is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. If the application proceeds into the regional phase 
before the EPQ, the applicant is reminded that a search may be carried 
out during examination before the ZPO (see EPO Guideline C»VI f 8.5} » 
should the problems which led to the Article 17(2) declaration be 
overcome . 



